ABSTRACT---The development of improved methods for estimating turbulent heat fluxes is important in effective monitoring of the surface energy balance for climate change prediction. However, different parameterized models carried out at the local site of Nigerian Micrometeorological site (NIMEX-1) did not consider the surface heat fluxesaerodynamics resistance relationships, and these validated models cannot be incorporated into the Climate models because some of the input climate variables are not routinely available in some meteorological stations. This study therefore, aims at improving the diurnal patterns of surface heat fluxes estimates using radiometric surface temperature and aerodynamic surface-layer resistances. Hourly data of air temperature (Ta), soil temperature (Tsoil), global radiation (QL), surface temperature (Ts), wind speed (u), QH and QE were obtained from the NIMEX-1 at Ile-Ife (7.55 o N, 4.55 o E). The QH and QE were estimated using Aerodynamic Resistance Approach algorithm which was modified to reduce the large bias errors between the aerodynamic temperature and surface temperature above the ground level. The algorithms were validated and rated using the following error statistics: coefficient of determination (r 2 ), Mean Bias Error (MBE) and Root Mean Square Error (RMSE). The RMSE and MBE for the modeled QE estimated using ARM and MAR reduced from 28. 
INTRODUCTION
The genesis and evolution of earth's climate is largely regulated by global energy balance. The turbulent heat fluxes are the major components of the energy balance and these surface heat fluxes are very essential in estimation of evapotranspiration and monitoring surface energy budget. In West Africa, several studies have explored several profile parameterization methodologies to estimate these heat fluxes using the measured data (Mauder et Akinnubi and Adeniyi, 2010 ; Adeniyi and Otunla, 2010) but these methodologies do not tacitly consider the aspect of aerodynamic surface layer resistance, radiometric surface temperature and excess resistance in the estimation of above mentioned heat fluxes. Empirical models like Bowen Ratio method, Modified Bowen Ratio method and Flux-variance model have been used and validated, but they cannot be incorporated into the Climate models because some of the input climate variables are not routinely available in some meteorological stations. The bulk Aerodynamic Resistance Method (ARM) is usually incorporated into Atmospheric Global Circulation Models (AGCM) and other regional models to estimate surface heat fluxes and evaporation (Koloskov et al., 2007; Sun et al., 2006; Niclos et al., 2009 ). The ARM model usually expresses fluxes in terms of transfer coefficients over various exchange pathways such as aerodynamic or surface resistances which compensate for the large temperature difference that occur between surface temperature (Ts) and the air temperature (Ta) and require specification of the vertical temperature difference between surface temperature and the air temperature (Ma et al., 2002; Su et al., 1998; Su et al., 1999; Ma et al., 2000; Van den Hurk, 2001; Su, 2002; Jia, 2004) .
Over the years, this model has been implemented and validated using experimental data for semi-arid regions. Nagar et al., 1995 used the aerodynamic resistance method to estimate sensible heat and latent heat flux from arid regions. Wu and Wang (2005) used the resistance based evaporation coefficient method to estimate evaporation from soil surfaces. Voogt and Grimmond (2000) used the resistance model to estimate sensible and latent heat fluxes over different heterogeneous landscapes. Mafouf and Noilhan (1991) for latent heat fluxes. Nonetheless, studies revealed that fairly good results were achieved when compared with a measured data. However, other studies reported large uncertainties and error in the results. To the best of our knowledge the resistance model is yet to be validated for this region. And this is due to lack of measured micrometeorological data. However, in recent years, direct measurements of turbulent heat fluxes using eddy covariance method are available at the Nigerian Micrometeorological Experiment site. The estimates of these surface heat fluxes at a time interval of interest require the knowledge of the values of some climate variables such as air temperature, radiometric surface temperature and wind speeds at the same or similar time intervals. However, weather stations do not always provide standard data at time of interest. Thus, diurnal changes in these variables need to be calculated from available daily average values using meteorological models.The objective of this work is to model the diurnal patterns of turbulent heat fluxes using available meteorological variables for stations where such data are not available.
MATERIALS AND METHODS
The data collection was carried out in the period between February 24 and March 10 th , 2004 as part of NIMEX-1 Project during an intensive field campaign. The campaign involved the use of homogenous flat surface and different sensors for characterizing the state of the atmosphere and the soil physical characteristics. However, the mean and turbulent micrometeorological parameters in the surface layer were measured for duration of the NIMEX-1 project. Two meteorological masts were set up for profile measurements of the wind, temperature, atmospheric radiation, and the soil (sub-surface) parameters while a third was devoted for eddy covariance measurements of the turbulent fluxes.An eddy covariance system consisting of an ultrasonic anemometer together with a Krypton hygrometer placed on a 2 m mast was integrated to measure the turbulent fluxes. The combined arrangement will produce the turbulent wind, acoustic temperature and humidity components. The sonic turbulence parameters were sampled at a frequency of 16Hz (Jegedeet al., 2004;Fokenet al., 2006).
Modified aerodynamic resistance model (mar)
The Aerodynamic Resistance Model (ARM) treats the whole surface as a single source of heat flux transported to the overlying atmosphere (Castellviet al., 2006). The single-source model estimate sensible and latent heat fluxes using surface temperature while it does not considering the difference between z0h and z0m(κB -1 =0).
Where ra is estimated from the modified Louis model (Akinnubi and Adeniyi, 2017 a).Based on the fact that the direct use of the radiometric temperature to evaluate the surface heat fluxes causes large error when the Ts-Ta is very large. It becomes problem is particularly in the case of a bare soil with evidence of growing short grasses. It has shown that the use of original resistance equation generally overestimates the sensible heat flux as well as latent heat fluxes (Stewart et al., 1989; Voogt and Grimmond, 2000) . A preliminary analysis also confirmed that the difference between surface temperature and air temperature was very large ( − > 20 ℃ for unstable condition; − > 15 ℃ for stable condition) and under such conditions the original resistance model performs poorly. However, observations confirm that the use of the sum of aerodynamic resistance and excess resistance (as proposed many authors) to compensate for large difference in bulk models was not enough (Ma et al., 2002 b; Jia, 2004) . This difference must be corrected by a term proportional to the temperature difference between the surface and air temperature. The model assumed that z0h is not equal to z0m and the excess resistance was taken into account in the estimation of surface heat fluxes.
The equation above shows that sensible heat flux is not proportional to temperature difference between surface and the air temperature. The Sensible heat flux can be rewritten as
c being defined by 
Consequently, a procedure was developed to account for without additional measurement. This procedure is based upon the proposal that has to increase with the temperature difference between the soil surface and the air (Ts-Ta). In the current experiment the soil was sandy loam at 5cm and the surface layer dries slowly gently after a rain event, thus tends to increase when net radiation and the surface temperature increase. It was assumed that and the temperature difference between (Ts-Ta) were linked by following relationship.
= ( − ) 6
m being a positive integer as a real positive real number. Recent literature show that is estimated
where is the aerodynamic surface temperature. This temperature is defined as the temperature at the height of roughness length for heat. Unlike roughness length for momentum, where the surface wind speed reduces to zero due to surface friction, roughness length for heat is the level heat transfer at zero. The aerodynamic temperature falls between surface air and radiometric skin temperature, but can be quite different from the latter. The has been expressed as
To determine the value of and m, the best fit is obtained from the empirical relationship when one of the variables is fixed (Table 1) . When m is fixed, a linear regression is obtained to determine the value of . is the slope between − and − − = ( − ) + 9
The values of vary for 0.2 to 1. But in this work, however c = 0 is assigned, which is justified by the fact that the value of Ts-Ta will be fairly extrapolated to the original point of the co-ordinate. To determine the value of m, when is fixed. The linear expression of eqn. becomes
Transforming the expression into logarithm form,
log ( − ) = log( − ) 11
For estimating latent heat flux from radiometric surface temperature Ts, it has been shown that a simple Ohm law type formulation based on a typical one-layer model does not work. The one-layer model together with statistical relationship has proved to give satisfactory estimation of sensible heat flux using NIMEX-1 data. 
Statistical analysis
To evaluate the efficiency of the approaches, their results are compared with the measured data set using statistical means. The Mean Bias Error (MBE) and Root Mean Square Error (RMSE) were calculated as
where n is the number of observation. where n is the number of observation and p is the number of predictor variables. The software packages used for the study were Origin and SPSS. Kustas et al. (2008) . But in this work, however c = 0 is assigned, which is justified by the fact that the value of Ts-Ta will be fairly extrapolated to the original point of the co-ordinate as shown Fig. 2 . The relationship between the measured Bowen ratio and the radiation Bowen ratio was empirically adjusted for the 14 days of measurement (DOY 55-DOY 70) by means of a least square regression in the form = + . This result shows an excellent behaviour for the whole data set (Fig.1) . The value of the parameter obtained were intercept a = 0.02 and slope b = 0.99 with a coefficient of determinate 2 = 0.97 and a minimum standard deviation 0.02. According to these results, an empirical method for estimating the Bowen ratio has been proposed as = 0.02 + 0.99 15
RESULT AND DISCUSSION

Diurnal cases
The composite diurnal variation of the modeledQH against the measured QH for ARM and MAR in Fig. 3 for wet and dry periods. The modeled QH was slightly overestimated by about 30-50 Wm -2 during the early hours of the morning and 20 Wm -2 to 50 Wm -2 during the late hours of the day. The modeled QH showed a slight underestimation during the mid-day for wet period. For dry period, the modeled ARM QH was grossly overestimated during the mid-days (about 80 -100 Wm -2 ) and late hours of the night by 70 -80 Wm -2 .The modeled MAR QH showed a better performance for wet and dry periods. Though, slight underestimation of about 10 Wm -2 to 12 Wm -2 was observed for early hours and mid-day during wet days. The MAR modeled QH almost approximated the measured QH during the dry days, this implies that for QH favoured dry days than wet days.In Fig 4, the ARM modeled QH showed a larger overestimation of about 80 -100 Wm -2 for wet period and 100 -150 Wm -2 during the dry for mid days and late hours of the night. There was little or no underestimation and overestimation during the dry period.it could be said that the MAR favours the simulation of QE than QH in a tropical area. In Fig. 5 
CONCLUSION
The performance of Modified Aerodynamic Resistance model was critically evaluated to model the diurnal pattern of turbulent heat fluxes from the available routine meteorological data. The estimated land surface heat fluxes from the proposed resistance parameterization methodologies were consistent with the ground measurements while their relative errors were less than 10 %. This makes the proposed resistance model very reliable to estimate the diurnal and seasonal turbulent heat fluxes accurately for tropical regions.
